The Friedman-Ball hypothesis implies a link between the inflation rate and inflation uncertainty. In this paper we employ a new test for the joint null hypothesis of no dependence effects and no asymmetry in the G7 inflation volatility. The results show that higher inflation rates operate additively via the conditional variance of inflation to induce greater inflation uncertainty in the U.S., U.K. and Canada. In addition, positive inflationary shocks are found to generate greater inflation uncertainty than negative shocks of a similar magnitude in the U.K. and Canada.
Introduction
There exists an extensive literature arguing that inflation volatility may be positively correlated with the average rate of inflation.
1 Should such a relation exist, high inflation is likely to be associated with reduced welfare and possibly even lower output growth, a view popularized by Friedman (1977) . Ball (1992) provides a formal model of Friedman's hypothesized causal link between inflation and inflation uncertainty (the Friedman-Ball rate dependence hypothesis, henceforth).
Much of the empirical work that tests the Friedman-Ball hypothesis employs generalized autoregressive conditional heteroscedasticity (GARCH) models. 2 These models offer a direct test for the statistical significance of the time variation of inflation's conditional variance (Engle 1982) ; the causal relationship between inflation and inflation uncertainty, rate dependence (Grier and Perry, 1998) ; and differences in the response of inflation uncertainty to the sign and size of inflationary shocks, an asymmetry effect (Daal et al., 2005) . Cox, Ingersoll and Ross (1985) provide two models for inflation dynamics both of which imply rate dependence; a positive correlation between the level of the rate of inflation and the volatility of inflation.
In this paper, we present a new specification for rate dependence and asymmetry in inflation uncertainty and employ a diagnostic test developed by to detect these empirical features. Rate dependence is explicitly parameterized in our specification with the lagged rate of inflation entering as an explanatory variable in the conditional variance equation.
With the exception of Kontonicas (2004) , the parametric specification of rate dependence is rarely considered in the inflation literature where rate dependence is commonly tested in a
Granger causality framework where the relationship between the conditional variance of inflation and inflation rates is specified as a vector autoregression. 3 Asymmetry in inflation uncertainty arises when positive innovations to inflation have a larger impact on inflation uncertainty than negative innovations of equal absolute magnitude. Our specification and diagnostic testing procedure explicitly allows for both asymmetry and rate dependence.
An application of the test to the G7 inflation rates reveals that monthly inflation in the U.S., U.K. and Canada displays significant rate dependence, while asymmetric inflation uncertainty can only be detected in the U.K and Canadian inflation rates. The estimated inflation model, which allows for additive rate dependence and asymmetry, confirms these results.
1 Okun (1971) was one of the first papers to find evidence of a positive correlation between inflation variability and the average rate of inflation. Subsequent papers have yielded mixed results; see Davis and Kakago (2000) . 2 Nas and Perry (1998), Fountas (2001) , Hwang (2001) , Apergis (2004) and Kontonicas (2004) employ GARCH models in studying the relationship between inflation and its uncertainty. 3 See, amongst others, Grier and Perry (1998) and Daal et al. (2005) . . The degree of dependence of inflation uncertainty on inflation rates is governed by both parameters b and δ .
A test for level dependence and asymmetric inflation uncertainty
In testing for the rate dependence of inflation uncertainty, the test statistic under the null of no rate dependence (b=0) does not follow a standard distribution because of the unidentified nuisance parameter δ (see Davies, 1987) . show how a first order Taylor series approximation around δ can circumvent the nuisance parameter problem. Using the Lagrange Multiplier (LM) principle, they show that the joint test statistic for the null of no rate dependence and asymmetry is asymptotically equivalent to the 2 R T ⋅ from the auxiliary regression of
on a vector of regressors comprising the GARCH terms
, and the asymmetry term
Here T is the sample size and 2 R is the coefficient of determination from the auxiliary regression. * δ ={0.5, 1.0, 1.5, 2.0} is an approximation of the true parameter δ and t h is the GARCH(1,1) specification under the null. The test statistic is asymptotically distributed as a Chi-square variate with three degrees of freedom. The test for the null of no rate dependence can be performed in a similar fashion by omitting the asymmetric term in equation (1) freedom (see . Following Eitrheim and Teräsvirta (1996) to adjust for possible distortion in the test statistic's nominal size, propose running a regression of
on the GARCH terms
and using the resulting residuals
to run the auxiliary regression. 
Results
Monthly inflation rates are calculated by taking log differences of the consumer price 
5 The size bias corrected empirical critical values for both the joint test and level dependence test are shown to approximate a Chi-square distribution with three and two degrees of freedom for all levels of significance respectively. 6 Results for unit root tests are not reported here but are available upon request from the authors.
where the variables are defined as in equation (2). Following Daal et al. (2005) , we include the MA(1,12) process which serves to provide a parsimonious ordering of the AR process and to account for possible seasonality in the data. We employ the Akaike Information Criteria (AIC) to determine the optimal lag length for the AR process. To conserve space, we only report the coefficient estimates of the conditional variance specifications in Table 2 . 7 The parameters 1 α and 1 β are significant for all countries with the lowest persistence in the conditional variance reflected in Germany's inflation uncertainty. There is little evidence of asymmetric volatility in these data. The estimates of 2 α are only significant for the U.K. and
Canada. The magnitude of 2 α for Canada suggests that such asymmetry is unlikely to be economically important.
The parameters b and δ , which capture rate dependence in inflation, are significant for the U.K., U.S. and Canada at the 1% significance level. Given the problems of unidentified nuisance parameters, Davies' (1987) bound approach is employed to determine the significance of b, details of which are provided in the appendix. Of the three countries that display rate dependence in inflation, the impact of inflation rates on inflation uncertainty may be greatest for the U.K. given the estimated values of b and δ .
Our results for inflation rate dependence differ to some extent from those of Daal et al. (2005) who found evidence to support the Friedman-Ball hypothesis for all countries except
Germany. The contrasting results are most likely due to the difference in the econometric specification and tests employed in this study.
Concluding Remarks
This paper examines the Friedman-Ball hypothesis, which suggests a causal link between the inflation rate and inflation uncertainty, allowing for an asymmetric response in inflation uncertainty to positive and negative shocks. We employ a recently developed test for the null hypothesis of no rate dependence and/or asymmetry in the variance of the G7 inflation rates and estimate a specification that allows for these features in the data. We find that rate dependence is present in U.S., U.K. and Canadian inflation rates, while asymmetric inflation uncertainty is prevalent only in the U.K. and Canadian inflation rates. 7 Results for the mean specification estimates are available from the authors upon request. The MA(1,12) coefficients are significant at 1% level implying the presence of seasonal effects in the data for all countries. The autoregressive coefficients are also largely significant at 5% level of significance. 
Note that v =1 in our case since δ is the only unidentified parameter.
